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CHAPTER 1  
 
 
INTRODUCTION 
 
 
1.1 Background of the Study 
 
Fossil fuels are the world primary energy source that provided valuable service, 
however, it also brought out enormous negative effects towards environment. Petroleum 
crude oil, coal and natural gas are class of fossil fuel which currently is the dominant 
energy fuel supply for transportation, heating, electricity and residential as well as 
industrial sites throughout the world. The extent of the greenhouse gases (GHG) 
released by fossil fuel is so important due to the urgent need to lower the amount of 
carbon footprint of the world by using the alternative energy sources that are benign to 
the environment (Ossai, et al., 2014) . 
 
Utilization of alternative renewable energy source is introduced and 
consequently gained of interest due to excessive amount of carbon dioxide released 
from burning of fossil fuels. This phenomena lead to future depletion of fossil fuels and 
environmental issues such as emissions of greenhouse gases (GHG) which contribute to 
global warming. An average rate of 21% of greenhouse gases emission had increased 
over the years mainly due to the combustion of fossil fuels (Nyakuma, et al., 2015). 
Continuous emission of green house gases (GHG) certainly will effect in trapping the 
heat as well as carbon dioxide that will influence the temperature of the earth surface to 
increase. Therefore, these scenarios had urgently brought for a transition from fossil 
fuels to renewable energy sources such as solar, wind, tidal, wave, geothermal energy 
and also biomass become vital alternative ways for reducing the emission for GHG. 
However, these resources have their own advantages and disadvantages.  
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Biomass plays the important part in future energy scenario due to resources 
uniqueness as sustainable carbon carrier. Biomass had brought a wide attention as it 
able to continuously providing energy supply. Besides that, biomass becomes one of an 
alternative renewable fuel sources which has potential to replace coal, petroleum crude 
oil and natural gas. Biomass also known as natural resources that can minimize the 
amount of green house gases (GHG) released through combustion and also reduce the 
amount fossil fuels which are being burned. Furthermore, biomass exists in solid pellet 
form, liquid as biodiesel or gaseous form which makes it ideal for renewable energy 
systems since it has the potential to fully utilize in generate heat and electricity and even 
transport sectors  (Mathiesen et al., 2012). Biomass can be converted into energy by 
thermo chemical conversions and biochemical conversions (Stelta, et al., 2011).Several 
difficulties need to be concerned for energy production such as high moisture content, 
non-uniform physical properties, bulky heterogeneous nature, poor heating value and 
conversion efficiency (Nyakuma, et al., 2015). Due to its undesirable properties, 
biomass treated as low grade fossil fuel .Hence many researchers (Kolokolova et al., 
2013; Stelte et al., 2011; Singh et al., 2013) tend to carried out several experimental 
methods  such as torrefaction and pelletization process to improve the properties of 
biomass. 
 
 
1.2 Motivation 
 
Malaysian palm oil industry has develop to become one of the most important 
agriculture-based industry, where today, Malaysia is well known as one of the world’s 
leading producer and exporter of palm oil which come after Indonesia. According to 
Palm Oil Refiner Association Malaysia 2011, production of crude palm oil reaches 
48.99 million metric tonnes per year globally in 2011, the main contributor is South 
East Asia country  with Indonesia accounts 48.79%, Malaysia 36.75% followed by 
Thailand 2.96%. Oil palm is one of a multi-purpose plantation and main biomass 
producer. Production of one kg of palm oil is equal to an approximately four kg of dry 
biomass are produced. (Geng, 2013) Oil Palm trunk is one of the main oil palm 
plantations out of all the oil palm residues. Large amount of oil palm trunk (OPT) are 
generated from the processing of palm oil plant. OPT is also known as wood tree. Since 
Malaysia is the second largest producers of palm oil that comes after Indonesia, 
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thousand tones of the annual production of OPT has brought the significant effect 
toward the environment due to decomposition of unused of OPT. In addition, due to its 
abundant availability, proper utilization of large amount of OPT needs to be concerned 
where it has its great potential for producing value-added product and currently not 
being fully utilized. Therefore, pelletization and torrefaction processes are the options to 
fully utilize the excessive amount of OPT and generate another product for energy 
generation.  
 
 
1.3 Problem Statement 
 
Biomass is known as a renewable source , however, it still be treated as a low 
grade fossil fuel due to its undesirable properties such as bulky and high moisture 
content. Hence, many researchers have been carried out in enhancing biomass properties 
which can improve its fossil fuel performance. Pelletization and torrefaction process has 
been selected as the main process of study in this research.  
 
Pelletization is a process of drying, molding and compressing a material under 
high pressure into a pellet shaped products that enable to enhance the thermochemical 
conversion efficiency. Pelletization is a densification process carried out under high 
pressure to enhance thermochemical conversion efficiency. This process enhances the 
biomass properties and conversion efficiency for energy application used such as 
thermal energy application. 
 
 Torrefaction is the pretreatment process for the biomass conversion which 
typically operating at temperature range of 200-300˚C .It also known as mild pyrolysis 
where biomass undergoes thermal decomposition under atmospheric condition with the 
absence of oxygen (Stelta, et al., 2011). The torrefied biomass solid product will result 
in losing its moisture content. The main function of this process is to minimise the 
oxygen-to-carbon ratio (O/C) compare to original, reduce the moisture content and the 
hygroscopic nature of biomass for a further energy productions (Dutta & Mathias, 
2014). 
In addition to that, the selected material in this study is the oil palm solid waste 
material which is the oil palm trunk (OPT). Oil palm trunk will undergo the 
